The physiologic dead space/tidal volume ratio (VD/VT) at rest and during exercise is a sensitive measurement of gas exchange that reflects matching of ventilation to perfusion, but requires an invasive measurement for its calculation. Determining VD/VT noninvasively uses estimations of arterial Pco2 based on the end-tidal Pco2. To 
The physiologic dead space/tidal volume ratio (VD/VT) at rest and during exercise is a sensitive measurement of gas exchange that reflects matching of ventilation to perfusion, but requires an invasive measurement for its calculation. Determining VD/VT noninvasively uses estimations of arterial Pco2 based on the end-tidal Pco2. To 61 percent of values -0.36. In 26 subjects who achieved higher work rates, the mean difference between actual VD/VT and VD/VT(J) increased from 0.009 ± 0.04 (NS) at he physiologic dead space/tidal volume ratio (VD/VT) is a useful indicator of the matching of ventilation to perfusion both at restat d during exercise.' An increased VD/VT at rest, or the failure of VD/VT to decrease appropriately with exercise, serves to identify uneven ventilation-perfusion relationships. This finding, in turn, suggests the presence of primary pulmonary vascular disease or pulmonary vascular involvement secondary to intrinsic lung disease. 1 We,2'3 and others,4 have reported the greater sensitivity of VD/VT than alveolar-arterial Po2 difference or diffusion capacity in various types of patients.
The (19 patients) and later on a system (MedGraphics CPX) using a ramp work protocol (16 patients). The mechanical dead space of each system was 100 ml. Both systems use the same infrared CO2 analyzer and pneumotachograph and a fuel cell 02 sensor. Both use the same algorithms for acceptable tidal volume (TV) and calculated and estimated VD/VT, and correct for gas transit and analysis times. Whipp et all" showed the similarity of various incremental and ramp protocols for Vo2max, anaerobic threshold and AiVo2/A work and Furuike and colleagues4 showed that actual VD/VT and alveolar-arterial Po2 difference were the same in incremental and steady state exercise.
Oxygen saturation was monitored by ear-probe pulse oximetry (Ohmeda Biox 3700) and the electrocardiogram was monitored continuously (Series 2310, Marquette Electronics, Inc). Blood pressures were taken manually both at rest and at intervals throughout exercise.
Radial artery cannulation was performed using local anesthesia (1 percent lidocaine). One to two milliliter samples of arterial blood were drawn into preheparinized syringes via a stopcock after 2 ml of waste blood were drawn and discarded. Samples were immediately placed on ice and analyzed within 15 min on electrodes located at the exercise station (ABL 30, Radiometer, Copenhagen) whose readings were validated by regular qualitycheck solutions.
Exercise protocols included 2 min of resting baseline, 1 min of unloaded cycling, and subsequent incremental or ramp increases in work at rates of 5 to 30 W/min. Increments were estimated to achieve a total of 6 There were 26 patients who had values for actual VD/VT at a low work rate (mean Vo2=28.3 percent of predicted maximum), and a high work rate (mean Vo2=54.7 percent of predicted maximum). We compared the values for VD/VT(J), as well as the difference between VD/VT(J) and actual VD/VT, at these two specific intervals as well as during rest. Mean data are shown in Table 2 and Figure 1 Starting from rest and progressing through the two levels of Vo2, the decrease in VD/VT with increasing workrate was seemingly much greater for VD/VT(J). Similarly, the difference between actual and estimated values for VD/VT was greatest at the highest work rate, with the estimated value significantly lower than the actual (Fig 1) .
Considering all values for Vo2, there were 207 pairs of VD/VT throughout all 36 exercise studies. The VD/VT(J) correlated with actual VD/VT with an r of 0.85 (p<0.001). The mean value for VD/VT(J) was significantly lower than the mean value for ac- To evaluate whether the differences between the actual VD/VT and Jones' estimate were related to the severity of disease, we selected the degree of ventilation-perfusion imbalance as our criterion and compared patients with normal actual values at rest (<0.35; n= 10) with those who had increased (20.36; n=16) values. The lesser fall in actual than in estimated VD/VT with increasing work load was seen in both groups of patients (Table 3) , and the difference between the two methods of obtaining the VD/VT was the same at high work load in both groups (Ta- ble 3 and Fig 4) .
We were additionally interested in determining whether the underestimation of actual VD/VT also occurred when VD/VT was estimated from end-tidal Pco2 alone [VD/VT(ET)]. We analyzed a subset of 11 studies performed on the MedGraphics CPX system, which provided minute-by-minute PETCO2. Comparisons were made between VD/VT values derived from PaCO2 (actual VD/VT), Jones 11p=0.04.
greater with increasing work. At the high work load, VD/VT(J) underestimated actual VD/VT to a significantly greater degree than did VD/VT(ET) (P= <0.05).
DISCUSSION
Our study undertook to describe the impact on interpretation of incremental cardiopulmonary exercise tests when an estimated value for arterial Pco2 is used to derive VD/VT in a population of patients referred for the evaluation of dyspnea (in whom severe airways obstruction was absent). We found that the use of estimated (as compared with actual) VD/VT values did not affect the interpretation of gas exchange at rest. With incremental exercise, estimated values progressively underestimated the VD/ VT, falsely classifying certain patients as normal whose actual values exceeded normal. This is shown in Figure 5 address the two variables in Jones' equation, namely end-tidal Pco2 and tidal volume. In normal erect subjects at rest, PET is slightly less than PaCO2 due to dilution by gas from poorly perfused apical alveoli. 5 The difference is minimal, with a range from 0 to ±4 mm Hg.19"2"3 During exercise in normal subjects, PET-PaCO2 increases, varying directly with increasing Vco2 and VT, and inversely with respiratory frequency.5'9 In patients, arterial values, however, may substantially exceed end-tidal values. This has been described in obstructive or restrictive impairments, pulmonary vascular disease including pulmonary emboli and pulmonary hypertension, respiratory failure, myocardial infarction, and shock.1"15'17 The mechanism is thought to be ventilation-perfusion inequality. Areas of high VA/Q contribute gas with lower Pco2 leading to a lowering of end-tidal Pco2 relative to arterial Pco2 by their dilutional effect. While gas from areas with low VA/Q has a higher Pco2, leading to a rise in end-tidal Pco2,17"18 these areas generally have elevated time constants and gas from these units may not have sufficient time during rapid tidal breathing to be fully reflected in the end-tidal sample. The effect of exercise on ventilation-perfusion matching introduces another variable. Matching generally improves with exercise, although persistence of ventilation-perfusion inequality has been described in exercise.1 19 The effect of incremental exercise on the difference between end-tidal and arterial Pco2 is probably variable and unpredictable.
The second variable in Jones' equation is tidal volume. It is known that patients with restrictive impairment exhibit a pattern of rapid, shallow breathing during exercise.1 This may affect the distribution of ventilation-perfusion ratios.11 Our patient population reflected the referral pattern for the evaluation of dyspnea in our institution in that it included patients with restrictive impairment and/or decreased Dco, or with normal pulmonary function tests, but no patient with obvious obstructive impairment for whom the attending physicians felt dyspnea to be well explained. Studies of patients with obstructive impairment are needed to determine whether our findings apply to them.
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